A dear-sky spectral solar radiation model for direct and diffuse fluxes, combined with topographic calculations from digital terrain data, computes either incident, net, or reflected solar radiation at any point on a snow surface in mountainous terrain. The radiation may be integrated over any wavelength range from 250 to 5000 nm, or over any time step. Atmospheric attenuation parameters are ozone, water vapor, the Angstrom turbidity coefficient and exponent, and the absorptance to reflectance ratio of the atmospheric aerosols. The model derives these, from measurements which may contain both systematic and random errors, by finding the least squares solution to an overdetermined set of nonlinear equations. For calculations over a specified area, it employs table look-up procedures, so that computation speed for the spectral model approaches that for a lumped model. Thus it may be useful as part of a snow surface energy budget calculation over a drainage basin.
INTRODUCTION
In this paper I describe a method by which incident or net spectral solar radiation under clear skies may be calculated over a rugged or mountainous snow-covered surface from a sparse set of measurements. The model is particular to snow only in the specification of surface reflectance and its variation with wavelength and illumination angle. It could be applied to other surfaces if appropriately modified. 
*m[X] ----1 --km[X] (ma P[zI/P[O]) '/2 (6)
Except for the aerosol attenuation coefficient, all of the absorption and scattering coefficients needed in the above equations are available as experimentally determined values (see Table 1 ). The aerosol attenuation coefficient used is /•ngstrom's [ 1961, 1964] turbidity function:
o^[X] = fi[zl X -• (7)
This parameterization depends upon a Junge distribution of the particulates over the range of sizes that contribute significantly [Paltridge and Platt, 1976] , and it is probably not applicable for heavy concentrations from maritime or fire sources. A normally accepted value for a is 1.3 or 1.5, with a maximal range of 0.8 to 2.0 [Leckner, 1978] . If •, is measured in nm, values for fi range from 0 to about 12,500. The advantage of this parameterization over a more precise solution of the radiative transfer equation [e.g., Herman and Browning, 1965 ] is a considerable decrease in computation time. Formulas for path lengths for ozone [Lacis and Hansen, 1974] , water vapor, and air mass [Kasten, 1966] are available, as are altitude corrections for ozone [Kreuger and Minzer, 1974; Giorgis, 1977] , water vapor [Yamamoto, 1949] , and fi [Robinson, 1966] . Within 
Generally a/Re, the absorptance/reflectance ratio of the aerosols, is independent of wavelength [Paltridge and Platt, 1976] . A typical value is 0.5. If a/Re --0, the second line of (10) is omitted. The factor 1.9 [Kondratyev, 1969] is used to integrate the scattered radiation over a hemisphere (a value of 2.0 would be used if the diffuse radiation were perfectly isotropic). The downward-scattered radiation on an unobscured horizontal surface is [Giorgis, 1977] qh
The correction factors Cz --0.5 cos •/3 Z and c• --1 + cos: Z' sin 3 Z account for the portion of the radiation scattered toward the surface [Robinson, 1966] The essence of the procedure is simply described: measurements of global radiation, or of some combination of global, direct, and diffuse radiation, preferably in at least two wavelength intervals, are taken at different times of day and thus at different atmospheric path lengths, and values for the parameters (unknowns) are selected which best reconcile the set of measurements. Because of measurement error (both random and systematic) it is generally not possible to exactly match the measurements, but it is possible to make more measurements than there are unknowns. The only restriction is the assumption that the parameters themselves do not change during the measurement period, so in general, morning and afternoon data should not be combined. Usually errors in radiation measurements are biased in one direction. Wherever the error can be parameterized, an additional unknown can be added. A very simple example would be where all of the measurements made with a given instrument are wrong by a constant multiplicative value, such as might be caused by miscalibration. The added unknowns, separate for each instrument, would be the values by which readings must be multiplied to obtain the true radiation values. More complicated bias functions, for example to compensate for instrument deviation from cosine response, could be developed.
Tests with Synthetic Measurements
Initial tests of the method described above were made by generating a set of 'synthetic' measurements for assumed values of the attenuation parameters, perturbing these with systematic and random errors of known magnitude and then using the procedure described above to try to solve for the attenuation parameters and systematic error corrections. Tests were carried out with systematic errors of up to +_5% with 2 instruments, and with random errors of 2%, 5%, and 10%
(standard deviation of Gaussian distribution). Under these circumstances the model performed adequately and was able
to calculate values which were closer to the 'true' values than the synthesized 'measurements' were. However, random error of 10%, combined with systematic error of 5%, was enough to swamp the Brown and Dennis [1972] method. Even with 5% random and 5% systematic error, the method required data over a large range of atmospheric path lengths (7 A.M. to 12 noon) in order to accurately determine attenuation coefficients. The Brent [1973] algorithm for global minimization could cope with 10% random error, but it is computationally unreasonable for more than three unknowns. These tests with synthetic measurements indicated that the method demands less accuracy in its input data than the methods of/[ngstrom [1961, 1964] Depending on whether attenuation is by aerosols or water vapor, the reduction in incoming radiation occurs in different parts of the spectrum, and this difference is convalved with the spectral snow reflectance curve. Table 2 also illustrates this point. For a high-altitude horizontal surface which is unobstructed by surrounding terrain during the winter, the integrated snow albedo is a function of whether or not attenuation of solar radiation is by aerosols or water vapor. From the base case of a relatively clean and dry atmosphere, adding enough water vapor to reduce the incoming solar radiation by 7% causes a reduction in net solar radiation by 14%, whereas the same 7% reduction in solar radiation caused by aerosols results in only a 5% reduction in net solar radiation. To achieve the same 14% reduction in net solar radiation by aerosol attenuation, it is necessary to reduce incoming solar radiation by 21%.
Lack of an altitude dependence in radiation calculations can also lead to significant errors. In the southern Sierra Nevada in winter, snow-covered area ranges in elevation from 1200 to 4400 m. By using exponential decay functions for atmospheric water vapor and aerosol content, and by calculating air pressure for Rayleigh scattering, the model is able to use measurements at a single elevation within this altitude range to estimate transmissivities throughout it. Under typical conditions (water vapor 10 mm, fl 2000, a 1.3, a/Re 0.5) the incoming solar radiation at 1200 m is 25% less that at 4400 m. 
